CSII. 2 Demographic factors associated with CSII use (compared to MDI) include being female, being Caucasian, having caregivers with college degrees, having private insurance, and living with two caregivers. 3, [8] [9] [10] Compared to CSII, CGM uptake among adolescents is much lower with only 5% of those participating in the T1D Exchange using CGM, 2 although other registries show 16-17% use. 11 Higher socioeconomic status, having private health insurance, longer duration of T1D, and CSII use are all associated with CGM uptake. 12 Near-daily CGM use is associated with higher quality of life, more frequent glucose checks, and decreased risk for omitting insulin. [13] [14] [15] CGM use has a clinically significant impact on glycemic control when used ≥6 days/week. [14] [15] [16] [17] [18] Youth who consistently used CGM showed significantly lower A1c initially, and again 12 months later, compared to those who used CGM less often. 16, 19 This finding holds across developmental stages as the same reduction in A1c associated with neardaily use was found for both children and adolescents.
14 In large registries of youth with T1D (N > 20 000), CGM use, regardless of insulin delivery method, is associated with lower A1c. 11 While several studies suggest that consistent CGM use is associated with improved glycemic control, other studies do not show such improvement. Two studies examining large national samples of adolescents did not find a significant difference in mean A1c between consistent CGM users and inconsistent users or nonusers. 12, 20 Although the association between CGM use and A1c is mixed, there is an association between adolescent CGM use and both fewer episodes of hypoglycemia and increased time in range. 21 Technology use in youth may be associated with lower A1c 21, 22 although the magnitude of this association needs further evaluation given recent technological advancements. Technology use may be associated with psychological benefits, or it may be associated with increased distress. A greater understanding of how diabetes technology is associated with diabetes-related psychological distress is needed.
Diabetes-specific emotional distress refers to the typical negative emotions that individuals experience in relation to the psychological burden and time involved with ongoing daily diabetes care diabetes. 23 A majority of adolescents and parents report experiencing elevated levels of distress, with approximately one-third reporting moderate to high levels. [24] [25] [26] Diabetes distress has been linked with poorer glycemic control, 24, [27] [28] [29] increased depressive symptoms, poorer quality of life, and poorer self-care in youth with T1D. [30] [31] [32] [33] Limited studies have reported on associations between diabetes distress and technology use. Three studies examining CSII use showed associations that were not significant between CSII use and diabetes distress. 32, 34, 35 Studies assessing the association between CGM use and diabetes distress showed no difference in distress among parents, 36 youth, 15 or adults. 37 Furthermore, Naranjo and colleagues compared both CSII and CGM use (alone and in combination) in adults with T1D and found no differences in using CSII or CGM, alone or together, with respect to diabetes distress. 38 To our knowledge, no studies directly comparing the associations of CSII and CGM technologies with diabetes distress among youth with T1D exist.
The purpose of the present study was to compare type of technology used (CGM Alone, CSII Alone, CGM+CSII, or no technology use) on diabetes distress and A1c in adolescents. Previous studies have shown no clear associations of CGM or CSII use with diabetes distress. Therefore, it is unclear how using both technologies compare to using either one alone or not using technology at all. Current analyses examined the association between type of technology use and adolescent-and parent-reported diabetes distress. We hypothesized that using both technologies or using one technology would be associated with lower A1c than using no technology. It was unclear how using one technology would compare to each other or to both technologies with regard to distress; therefore, investigating these comparisons was exploratory.
Methods

Participants
Data stem from a study investigating psychosocial outcomes of youth attending diabetes camps throughout the United States. All study procedures were approved by the Institutional Review Board at Ann & Robert H. Lurie Children's Hospital of Chicago. Adolescents aged 12-18 years (N = 1216) and their parents were recruited to complete participant-specific questionnaires about diabetes distress. Links to the online survey were sent via email prior to the start of camp.
Measures
Diabetes-Specific Emotional Distress. Adolescents (PAID-T) and parents (P-PAID-T) completed a 14-item and 15-item scale, respectively, measuring their own diabetes-specific emotional distress. 30, 39 Adolescents and their parents rate how much of a problem (1 = not a problem to 6 = serious problem) diabetes management and diabetes-specific emotional stress are in their everyday lives. Cut scores of ≥ 44 for the PAID-T and ≥ 54 for the P-PAID-T have recently been empirically derived. 39 Both measures demonstrate good psychometric properties. Internal reliability for the current study was α = .93 for both measures.
Hemoglobin A1c. For this study, hemoglobin A1c was obtained by parent-report and based on youth's last outpatient endocrinology visit. Because of the web-based nature of this national study, the investigators were unable to obtain laboratory-based A1c results for each youth.
Demographics. Parents reported on their child's age, race/ ethnicity, family income, and diabetes variables including use of CGM and/or CSII. Two questions were included on the parent survey which specifically asked (1) if their adolescent uses CGM or a standard blood glucose meter most of the time and (2) if their adolescent receives insulin via a pump or insulin pen/syringe most of the time.
Data Analysis
Adolescents were categorized into one of four technology use groups: CGM Alone, CSII Alone, CGM+CSII, and no technology use (ie, using a glucose meter and administering insulin through a pen/syringe). Analysis of variance (ANOVA) with Games-Howell post hoc tests for individual group differences was used to assess the mean differences among technology groups on adolescent-and parent-reported diabetes distress and hemoglobin A1c. Games-Howell tests were chosen as they do not assume equal variance or sample sizes between groups. Cohen's d effect sizes were calculated between technology groups to measure magnitude of mean difference on outcomes. Effect sizes are less dependent on sample size than null hypothesis tests and may offer lessbiased estimates of population differences. Interpretation of effect sizes per recommended guidelines is as follows: d < 0.2 is negligible, 0.2 ≤ d < 0.5 is small, 0.5 ≤ d < 0.8 is medium, and d ≥ 0.8 is large. 40 To further examine differences between technology groups on distress, chi square analyses were completed to determine differences between groups on percentage of participants scoring above clinical cutoff scores on the PAID-T and P-PAID-T respectively. Finally, demographics that were significantly associated with each primary outcome were entered into regression models along with dummy-coded technology groups. Regressions were used to determine the robustness of the comparisons between technology groups when accounting for other significant covariates. Cohen's d values were calculated for regression comparisons. 41 
Results
Sample Characteristics
Participants consented were 1216 adolescents and their parents; however, 176 adolescents were not categorized into technology groups due to missing parent-reported data either on how adolescents administer insulin or check blood sugars. Consequently, the study sample total size was 1040. The uncategorized sample (n = 176) had a higher proportion of minority youth (25.3% versus 9.2%, P < .001) and higher mean A1c (8.75 versus 7.89, P = .001). Of those who were categorized (N = 1040), 19 (1.8%) used CGM Alone, 664 (63.8%) used CSII Alone, 112 (10.8%) used CGM+CSII, and 245 (23.6%) did not use technology. Table 1 displays the demographics of the total sample and each technology use group. Differences in gender distribution were noted as more girls used CSII alone than no technology. CSII alone was more common in adolescents with higher family income than those not using technology. Tables 2 and 3 present the descriptive statistics for adolescent-and parent-reported diabetes distress and for A1c.
Demographic Differences in Diabetes Distress and A1c
Adolescent distress was positively associated with age (P = .016) and being female (P < .001) and negatively associated with family income (P < .001). Parent distress was positively associated with racial minority status (P < .001) and negatively associated with family income (P < .001). A1c was positively associated with age (P = .006) and racial minority status (P < .001) and negatively associated with family income (P < .001). Higher A1c was significantly associated with higher levels of both adolescent-and parent-reported distress (r = .30, P < .001 and r = .39, P < .001 respectively). Table 4 shows the comparisons between technology use groups including statistical significance of Games-Howell post hoc tests and Cohen's d effect size on distress and A1c. Comparisons using the CGM Alone group were likely underpowered to detect statistical difference due to low sample size; effect sizes are likely more representative of population differences. CGM Alone had the lowest mean adolescentreported distress and the No Technology group had the highest. The remaining groups were in between and similar to each other (d = 0.07, P = .934) (see Tables 3 and 4) . CGM Alone was not significantly different than the other three technology groups on adolescent-reported diabetes distress, likely due to being statistically underpowered given the small sample size in this group. Despite not being statistically significant, CGM Alone demonstrated small to moderate effect size differences with the other groups. CSII and CGM+CSII groups demonstrated significant, small effect size differences from the No Technology group.
Differences in Diabetes Distress and A1c Among Technology Groups
Technology group means on parent-reported distress showed the same pattern as adolescent-reported distress with CGM Alone being the lowest, No Technology being the highest, and the remaining groups in between and similar to each other (d = 0.05, P = .966). Effect sizes for parentreported distress were similar to adolescent-reported distress although most were smaller. CGM Alone was not statistically different from the other three technology groups for parent-reported distress; however, CGM Alone demonstrated small-moderate effect size differences with the other groups. CGM+CSII and No Technology had essentially no statistical difference in means (d = 0.18, P = .363), while CSII Alone conferred statistically significant and small effect (d = 0.24, P = .018) relative to No Technology. 
Differences in Clinical Elevation of Distress among Technology Groups
Overall, 41.0% of adolescents in this sample scored above the empirically derived clinical cutoff score of the PAID-T (≥44) with 33.3% scoring above in the CGM Alone group, 37.9% scoring above in the CGM+CSII group, 37.5% scoring above in the CSII Alone group, and 52.8% scoring above in the No Technology group. There was a statistically significantly difference among technology groups, χ 2 (3) = 14.88, P = .002, with CGM+CSII and CSII Alone showing a lower proportion of adolescents being clinically elevated compared to No Technology. CGM alone had the lowest proportion of clinical elevation among the groups but statistical significance from No Technology was likely not achieved due to low sample size. Among parents, 37.0% of parents scored above the clinical cutoff score of the P-PAID-T (≥54) with 31.6% scoring above in the CGM Alone group, 36.9% scoring above in the CGM+CSII group, 34.8% scoring above in the CSII Alone group, and 43.6% scoring above in the No Technology group. There were no statistically significant differences between technology groups with respect to clinical elevation, χ 2 (3) = 6.20, P = .102.
Technology Group Differences on A1c and Distress Covarying for Demographic Factors
Technology group, adolescent age, adolescent gender, and family income were entered into a multiple regression to predict adolescent-reported diabetes distress ( Table 5 ). The overall model was statistically significant, F(6, 673) = 11.65, P < .001, adjusted R 2 = .086. Using any technology was associated with significantly lower adolescent distress than using no technology with small-moderate effect size. There were no statistical differences among CGM Alone, CSII Alone, or CGM+CSII groups; however, CGM alone had a small effect difference, with lower adolescent distress, compared to CGM+CSII and CSII Alone. Technology group, adolescent minority status, and family income were entered to predict parent-reported diabetes distress (Table 5 ). The overall model was statistically significant, F(5, 831) = 7.67, P < .001, adjusted R 2 = .035. There were no statistically significant comparisons between groups. CGM alone showed a small effect (but not significant) compared to No Technology, CSII Alone, and CGM+CSII with lower reported parent distress.
Technology group, adolescent age, racial minority status, and family annual income were entered to predict A1c (Table 5 ). The overall model was statistically significant, F(6, 772) = 11.28, P < .001, adjusted R 2 = .073. Using CGM Alone or CGM+CSII compared to No Technology was statistically different, with CGM-use groups showing smallmoderately lower A1c. CGM alone demonstrated moderately lower, albeit not significant, A1c than CSII alone.
Discussion
The present study compared T1D technology use groups (CGM Alone, CSII Alone, CGM+CSII, and No Technology) on adolescent-and parent-perceived diabetes-specific emotional distress and A1c. CGM use was associated with lower distress for both adolescents and their parents compared to those who did not use technology, to those who used with CSII, and to those who used CSII alone. Notably, smaller effect sizes were found for parent distress. Lower A1c was associated with CGM or CGM+CSII use. In terms of clinical elevations, a relatively large proportion of parents and adolescents noted elevated diabetes distress based on empirically derived cutoff scores. Not using technology was associated with greatest elevation in distress, primarily for adolescent distress. Conclusions from these findings support the association between use of CGM and lower A1c as well as decreased diabetes distress particularly for adolescents.
The small-medium effect size differences for CGM Alone compared to No Technology corresponds to about a half standard deviation between groups for both adolescent and parent-reported diabetes distress. Given that distress is associated with clinical outcomes such as lower quality of life, increased depressive symptoms, and lower adherence, such a difference in distress is clinically meaningful. It appears that use of CGM by itself is associated with lower distress and use of CSII with or without CGM increases distress; however, these differences are small for adolescents and negligible for parents after controlling for demographic correlates of distress. Furthermore, analyses examining differences between technology groups on clinical diabetes distress cutoff scores demonstrated lower rates of participants scoring at Reference groups refer to the group being compared to the others below it in the calculation of d. For each comparison, negative effect sizes signify a larger value for the reference group, whereas positive effect sizes signify a smaller value for the reference group.
or above these benchmarks when adolescents are using CGM, CSII, or CGM+CSII providing further evidence of clinically meaningful association. About a 0.5% lower A1c is associated with CGM use over use of CSII alone, and this difference is even larger when comparing CGM use to use of no technology; findings of the current study do not support a significant additive difference in A1c associated with using CGM+CSII. Given that an absolute increase of 1% in A1c standard deviation is linked with increased risks for retinopathy and neuropathy, 42 current results are clinically significant. These findings must be considered in light of the cross-sectional design of this study. Interpretation of these findings are bidirectional meaning that CGM use may improve diabetes distress and A1c or that lower diabetes distress and lower A1c predicts CGM use. Causality cannot be inferred from the current data.
Despite associations of CGM technology use with lower distress and A1c shown in the current study, past studies suggest either no psychosocial improvements or increases in psychological burden. 15, 43 With every medical technology, consideration of both advantages and disadvantages of device use and of individual preferences is necessary. Previous burdens related to using CGM include wearability, data overload/inaccuracy, and alarm fatigue. 44, 45 Despite these findings, many adolescents perceive general benefits of CGM including making diabetes management easier, having better detection of hypoglycemia, and improved glycemic control. 44, 46, 47 Studies comparing CGM to CGM+CSII have demonstrated improved A1c similar to the associations in the current study although statistical significance was not achieved. 48, 49 Experiences of technology use, both positive and negative, that may mediate the relationship between CGM use, distress, and glycemic control should be more fully investigated in future studies to elucidate links between CGM use alone and CGM+CSII on distress and A1c. Development of a model incorporating technology type, diabetes distress, and glycemic control along with these mediators would be beneficial to understanding the psychosocial and metabolic impact of diabetes technology.
Limitations of the current study should be noted. First, the sample was composed of mostly Caucasian participants from higher income families which is not representative of all youth with T1D. Second, A1c was based on parent report and not lab results. Because this was a national, web-based survey, investigators did not have the resources to collect lab data or to procure medical chart data. Research has shown a high correlation between adult self-reported A1c and labbased A1c (r = .84). 29 In addition, the authors examined the relationship between parent-reported A1c values and laboratory-based values from another dataset of adolescents with T1D 50 and found a correlation of .84. These data provide support that parent-reported A1c values demonstrate validity. Third, this study did not include other measures of glycemic variability beyond A1c which limits the generalizability of our findings. Future work examining associations of technology use with other metrics of glycemic variability including other biomarkers and various metrics calculated from blood glucose meters would be beneficial. 51 Fourth, this study was cross-sectional and therefore unable to make causal attributions of technology use in relation to diabetes distress or A1c. Fifth, there was a small number of participants in the CGM Alone technology use group, likely impacting the statistical power of analyses involving this group as standard errors are typically larger in small samples. Future studies investigating CGM without CSII on psychosocial and medical outcomes in a larger sample would contribute to the literature on diabetes technology. Sixth, based on available data, we were unable to ascertain provider perceptions of use of technology and factors that may influence prescribing CGM and CSII to adolescents with T1D. There may be underlying latent factors that influence prescription rates not accounted for in this study. Seventh, the extent of CGM use (eg, how many days per week) was not assessed in this study, precluding the assessment of dose effects of CGM Alone and CSII on diabetes distress and A1c. Finally, due to missing data, we were unable to categorize 176 (14.5%) adolescents into a technology group. There was a higher percentage of minority youth and higher mean A1c in the uncategorized group as compared to the categorized group. Research on technology use and associations with barriers to use and with psychosocial outcomes in youth with T1D from underrepresented populations would benefit both research and clinical practice. Strengths of this study include a large sample from 44 diabetes camps across the United States. Moreover, this is the first study to examine differences among diabetes technology use groups in relation to diabetes distress and A1c in a sample of adolescents.
Conclusion
In this study, use of CGM, alone or in combination with CSII, was found to be associated with lower adolescent-perceived diabetes distress and lower A1c. Ongoing research examining the causal impact of CGM on diabetes distress and A1c is essential.
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